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For the proposed IsoDAR experiment in neutrino physics, a dedicated H+2 ion source (MIST-1) was
designed and built at MIT. The MIST-1 ion source is a filament-driven multicusp ion source, optimized
for the production of H+2 over protons and H
+
3 . In this paper, we report the commissioning results
of MIST-1 and first systematic measurements of beam current and beam composition as functions of
gas load, discharge voltage, and discharge current. The commissioning setup includes a Faraday cup
directly after the source (for total beam current measurements), a mass separator consisting of a dipole
magnet, slits and another Faraday cup (for beam composition measurements), as well as a set of Allison
emittance scanners (for beam quality measurements). Highlights of the results are total beam current
densities as high as 40 mA/cm2 and a H+2 ion species fraction of up to 90 % in DC mode (non-pulsed).
The measured emittances are well-reproduced in simulations and are low, as expected for this type
of ion source. Thus, MIST-1 is well suited to inject beam into an RFQ for bunching and subsequent
acceleration in a compact cyclotron.
I. INTRODUCTION
Neutrino flux measurements have a history of produc-
ing unexpected results, starting with the Homestake ex-
periment [1]. More recently, LSND and MiniBooNE both
observed an excess of events in νµ → νe appearance ex-
periments [2, 3]. These results can be explained by a
sterile neutrino with a ∆m2 around 1 eV2 [4]. The Iso-
DAR experiment is designed to be a definitive test of eV
scale sterile neutrinos and is described in detail in other
publications [5–7]. The novelty of IsoDAR is in con-
structing an intense anti-neutrino source near a kiloton
scale neutrino detector. To reduce backgrounds, neutrino
oscillation experiments are ideally done underground. A
cartoon of IsoDAR near the KamLAND detector is shown
in FIG. 1.
The anti-neutrino production is dependent on a 10 mA
continuous wave (cw) beam of 60 MeV protons. To save
on space and costs, IsoDAR will use a compact cyclotron
as a driver instead of a linear accelerator. Commercially
available cyclotrons in this energy range typically have
intensities around 1 mA. Space charge is the primary ef-
fect limiting higher currents. In order to reduce space
charge effects, IsoDAR will accelerate H+2 instead of pro-
tons or H−. The presented ion source was developed at
MIT to produce high currents of H+2 .
Typically, proton sources are designed such that H+2
and H+3 contamination is low. Amongst the multitude
of proton sources that routinely produce tens to hun-
dreds of mA of beam, two types lend themselves eas-
iest to re-design or de-tuning for improved H+2 cur-
rent: The 2.45 GHz, Electron Cyclotron Resonance (ECR)
ion source [8], and the multicusp ion source - radio-
frequency (RF)-driven [9], or filament-driven [10]. In
several measurement periods, the 2.45 GHz ECR versa-
tile ion source (VIS) [11, 12] was tested by the MIT
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FIG. 1. Artists rendition of the IsoDAR experiment paired with
the KamLAND detector at Kamioka. From left to right: The
cyclotron (ion source on top), generating a 60 MeV/amu H+2
beam, the medium energy beam transport line, the neutrino
production target [16, 17], and the KamLAND detector[18].
group in collaboration with INFN-LNS and Best Cy-
clotron Systems, Inc. While the performance for protons
was excellent, the finding was that the maximum H+2
fraction was limited to 50 % [13, 14]. The high proton
contamination was deemed undesirable for a compact
system like IsoDAR. On the other hand, Ehlers and Leung
at LBNL demonstrated that a filament-driven, multicusp
ion source is capable of producing extractable total cur-
rent densities of 50 mA/cm2 with up to 80 % of the beam
being H+2 ions [15]. Multicusp Ion Source Technology
at MIT - v1 (MIST-1) is such an ion source. Where the
results of the LBNL source were for sub-mm diameter
extraction apertures and pulsed beams, MIST-1 was de-
signed to deliver 15 mA total beam current in DC mode,
requiring design changes and cooling upgrades.
Here we present the preliminary commissioning re-
sults of MIST-1. Section II contains a detailed descrip-
tion of the source and diagnostic setup. Section III cov-
ers simulations of extraction system and test beam line.
Measurements and data are in Section IV .
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2FIG. 2. Cross section view of MIST-1 ion source. Inner parts
are labeled: 1. Faraday cup, 2. Extraction System, 3. Perma-
nent magnets (Sm2Co17), 4. Filament feedthroughs, 4. Water
cooling fittings. The backplate also has a gas inlet, through
which the hydrogen gas may enter into the source.
II. EXPERIMENTAL SETUP
A. Ion Source
.
The MIST-1 ion source is a filament-driven, multi-
cusp ion source and is described in detail in previous
publications [6, 7, 19]. A stainless-steel chamber with
samarium-cobalt permanent magnets creates a multicusp
field that confines the plasma around the extraction hole.
Hydrogen enters the source through the backplate, and
is ionized by a tungsten filament. The filament is a tung-
sten alloy, mixed with copper and nickel for corrosion
resistance. The ions are then extracted through a hole
in the center of the front-plate. The source is on a high
voltage platform can be raised up to 20 kV. Ions leaving
the source are focused and accelerated in the extraction
system.
Hydrogen travels via gas line to the hydrogen inlet in
the back of the source. The pressure inside the source
is controlled by a mass flow controller (MFC), (MKS In-
struments, Model: GV50A, with 5 sccm full range) which
moderates the amount of hydrogen which may enter the
source from the hydrogen bottle. The MFC is controlled
via a RS485/USB with optical interface connected to our
control system PC.
Inside the source,the filament is heated via power sup-
plies on the high voltage platform ( FIG. 3). The source
body, back plate, and front plate are all electrically insu-
lated. This allows each piece to be at a different poten-
tial, and therefore test the effects of different longitudi-
nal fields. In this study, all are at the same potential. Fu-
ture studies at which they are at different potentials are
forthcoming. The filament emits electrons, which ionize
the gas and forms a plasma. The geometry of the source
FIG. 3. The wiring schematic of the ion source. Red is the high
voltage reference potential, blue is the data cables, and black
are power cables. The power supplies are computer-controlled
via an optical USB extender cable. The source back plate, body,
and front plate can all be held at different potentials (they are
separated by insulator rings). During the measurements pre-
sented here, they were held at the same potential.
causes H2+ to be the dominant ion species over other hy-
drogen ion species [6, 15, 19].
In this study, we have used a spiral shaped, 0.8128 mm
thick filament which was 40 mm from the back plate,
see FIG. 2. We have experimented with several different
filament shapes, thicknesses, and positions. This is an
ongoing study, and will be discussed in more detail in an
upcoming paper.
The ions drift out of the source through the extraction
hole. Once outside they are transported by a low energy
extraction system. The low energy extraction system is
a series of copper electrodes that shape the beam when
leaving the ion source. The different electrodes are held
at different potentials, changing the energy of the beam
as it goes through the extraction system, and the beam
shape and quality. These voltages are controlled by sev-
eral high voltage power supplies. The electrodes follow-
ing the source plate are the puller (typically kept at a low,
negative voltage -2 kV) and the einzel lens. The einzel
lens is made up of a total of three electrodes, the outer
ones being grounded, and the larger central piece being
adjustable (typically held at 1 kV).
The electrodes are aligned via the compression of sev-
eral ceramic balls. This system is then mounted inside
the 6-way cross so that it is aligned to the end flange
mounting the ion source. The extraction system is mod-
eled using the IBSimu code [20]. This will be discussed
in more detail in Section III.
3B. Low Energy Beam Transport and Diagnostics
A Faraday cup following the extraction system is used
to measure the total current coming from the source.
This allows us to know the total current of the beam, but
without separation of species. In order to differentiate
the beam into species fraction, the beam must continue
down the low energy beam line. To allow for this, while
not compromising our previous measurement, this Fara-
day cup can be retracted. The beam may then continue
down the beamline unblocked.
The ion source extraction system is followed by a much
longer low energy beam line used for beam diagnos-
tics (see FIG. 4). Three electromagnets are used for
beam transport: 2 quadrupoles and 1 dipole. The ar-
rangement of the magnets, beamline, and diagnostics 6-
way are shown in FIG. 4 (inventor full assembly model).
Both quadrupoles can be used for vertical focusing of the
beam, however only the first quadrupole is being used
for the initial studies. When a mass spectrum is being
taken, the quadrupole is increased in a constant ratio
with the dipole current. The dipole is used for horizon-
tal focusing and ion species separation. Following the
second quadrupole magnet is the analysis 6-way cross,
which contains a second Faraday cup and two Allison
scanners with perpendicular axes.
Each Faraday cup is equipped with a negative elec-
trode in front to suppress electrons from influencing the
measurement. For each test, we ensure that the voltage
on the Faraday cup suppressor is sufficient by measuring
the Faraday cup current as a function of the suppressor
voltage. Once the voltage is sufficient, and the electrons
are suppressed, the measurement will no longer change
with increased suppressor voltage. It is at this point that
we run our diagnostic tests.
Measurements are taken while varying:
• HV platform potential,
• Discharge voltage,
• Filament heating current,
• H2 gas flow into source,
• Filament shape and position.
The plasma density is determined in large part by the
filament discharge current. This can vary with voltage
due to the heating of the filament. This can be compen-
sated for by varying the filament heating voltage in a PID
loop, helping to make the plasma stable. For each plasma
setting, the total current is measured in the first Faraday
cup. To take an ion mass spectrum, the dipole current
is varied from 0 80 A while current measurements are
taken in the second Faraday cup. This process is con-
trolled and mass spectra are recorded via an automated
LabVIEW program run on the PC. For selected settings,
measurements are also taken with the Allison scanners.
A model for the Allison scanners in Figure 5. Parameters
for the dipole are in TAB. II.
TABLE I. MIST-1 ion source parameters.
Parameter Value (nominal)
Plasma chamber length 6.5 cm
Plasma chamber diameter 15 cm
Permanent magnet material Sm2Co17
Permanent magnet strength 1.05 T on surface
Front plate magnets 12 bars (star shape)
Radial magnets 12 bars
Back plate magnets 4 rows of magnets, 6 bars total
Front plate cooling embedded steel tube
Back plate cooling embedded copper pipe
Chamber cooling water jacket
Water flow (both) (1.5 l/min)
Filament feedthrough cooling water cooled
Filament material W mixed with Cu and Ni
Filament diameter ≈ 0.8 mm
Discharge voltage max. 180 V
Discharge current max. 24 A
Filament heating voltage max. 8 V
Filament heating current max. 100 A
The Allison scanners have a water cooled plate with a
slit on its front face. This slit allows beam to pass into
the scanner at a specific transverse position. Inside the
scanner there are two parallel plates, which are held at
varying potentials, followed by a second slit. The volt-
age between the plates can be tuned so that only par-
ticles of a specific momentum pass through the second
slit, which are then measured by a Faraday cup. There-
fore, the scanner can map a series of momenta, based on
the voltages, to a single transverse position. To do a full
scan, this process is then repeated at multiple different
positions by moving the Allison scanner along a slice of
the beam. This mapping can be used for to determine
the phase space and emittance of the beam.
In order to find the species ratios, the ion source and
extraction system are kept at a fixed set of parameters.
This is maintained until a stable current is observed in
the first faraday cup. The first faraday cup is then re-
tracted, allowing the beam to enter the low energy beam-
line. The dipole magnet in the beamline is varied from
0 to .4 Tesla. The first quadrupole is adjusted after each
dipole measurement in order to focus the beam and max-
imize current in the second Faraday cup at the end of the
beamline. The current in this parameter space is then
measured. These are then plotted as a function of dipole
field (see sec IV). Based on the ratio of mass to charge of
TABLE II. Parameters for the Bruker dipole magnet donated by
the University of Huddersfield.
Parameter Value
Maximum field 0.7 T
Maximum current 125 A
Maximum voltage 47 V
Bending radius 300 mm
Pole gap 75 mm
4FIG. 4. Model of the low energy beam line diagnostic system. Starting with multiple species coming from the ion source,
the species are then focused in the beamline by quadrupole magnets, and separated by the dipole magnet. Their currents and
emittances can then be measured by the Faraday cup and emittance scanners at the end.
the different ions in the source, it is possible to identify
the different peaks in the spectra as different ions. From
these measurements, we can identify the makeup of the
beam coming from our source.
III. SIMULATIONS
Ions extracted from MIST-1 are simulated using two
packages: IBSimu and Warp [20, 21]. IBSimu is used ini-
tially because of it’s capability to accurately model ions
traversing the plasma sheath. However, IBSimu would
be too computationally expensive for a simulation of
the entire test beamline. Warp is able accurately model
FIG. 5. Model 6-way cross housing the y axis Allison scan-
ner and Faraday cup. This is immediately following the second
quadrupole magnet on the left. The Allison scanner can be re-
tracted so that beam current can be measured by the Faraday
cup in order to quickly measure mass spectra.
FIG. 6. IBSimu simulation of the low energy extraction system.
This simulated with 80% H2+ (yellow) and 20 % protons (red)
to correspond to the ion source developed at LBNL [15]. The
electrodes are in blue, and the equipotential lines are in green.
spacecharge effects and beam transport, with less com-
puting power than IBSimu. However, the plasma sheath
modeling in Warp is not as well-established. This led to
the decision to use both packages in series. The IBSimu
simulations run from the ion source to midway through
the first 6-way cross. The Warp package is used to sim-
ulate ions from the first 6-way cross to the end of the
beamline.
A. Ion Source Extraction (IBSimu)
The extraction system was designed and simulated us-
ing IBSimu, a particle in cell code which uses iterative
processes to calculate the particle trajectories through
electromagnetic fields. IBSimu has successfully been
used to design and simulate several extraction systems
and can be considered well-benchmarked against exper-
iment [22–25]. IBSimu uses electrode geometries which
5can be imported from CAD files. The electrodes are set
to static potentials. These are then used to calculate the
fields in the system. The particle trajectories are simu-
lated by tracing the particle through this field, then tak-
ing into account space charge into the electric field. This
process is repeated until the simulation converges. The
particle trajectories together show a beam profile.
Multiple species can be simulated simultaneously, ac-
counting for the space charge of each. The format of
this code creates an accurate plasma model, which is im-
portant for understanding the beam behavior in areas of
high plasma density. In the case of our ion source, the
high current density near the extraction hole makes an
accurate plasma model a necessity.
The parameters of the ion source listed in Section II
are input into the IBSimu code. The geometry of the
plasma electrode is imported to model the plasma aper-
ture. Each of the electrodes is assigned the voltage corre-
sponding to the experiment, and the plasma density used
in IBSimu can be used as a proxy for many of the filament
settings. The plasma density can be approximated by us-
ing the size of the plasma aperture and the total current
extracted the in experiment.
IBSimu is used to simulate the extraction from the ion
source, however, over long distances the code becomes
computationally expensive. (The ion source extraction
is only 0.1 m, where the full LEBT is several meters in
length.) Due to this, after the extraction the particle dis-
tribution is transferred to WARP, a less computationally
expensive code. After the extraction, the plasma model
is no longer crucially important, and so the use of WARP
rather than IBSimu is acceptable. This is done by us-
ing IBSimu to print a text file with phase parameters of
every particle in the beam at a certain point along the
beamline, then importing that data into WARP. WARP is
then used to calculate the behavior of the beam in the
remainder of the low energy beam line.
B. Low Energy Beam Transport (Warp)
Warp is a particle-in-cell Python package developed at
Lawrence Livermore National Laboratory and Lawrence
Berkeley National Laboratory and has been in develop-
ment since the 1980s. The particle distributions from
IBSimu simulations are loaded at the initial distributions
for the Warp simulations. Particles are propagated using
the wxy-slice package to solve for the fields at each step.
Space-charge compensation is treated as a free param-
eter and simulated by modifying each species’ current:
Icomp = Ii · (1− fe) with fe the space-charge compensa-
tion factor from literature [26]. A more accurate space-
charge compensation model will be implemented in fu-
ture simulations [27]. Simulations are done for emit-
tance measurements and mass spectrometer measure-
ments.
Included in the simulations are models of the mag-
netic fields and vacuum components. In order to accu-
FIG. 7. Simulation of test beamline using Warp. The top plot
shows 2-rms envelopes for H+2 and the plot below it shows
the maximum envelopes. Dotted lines show where the 6-way
crosses and vacuum tubes are. The vertical dashed lines indi-
cate where the magnets are along the beamline. The left two
plots on the bottom row show the cross-section and xx’ phase
space of the initial beam. The middle bottom plot is the fi-
nal beam cross-section. The two right plots on the bottom row
show the xx’ and yy’ phase spaces at the end of the beamline.
rately model the quadrupole and dipole magnets, CAD
models of the yokes and coils were imported to COM-
SOL to simulate 3d fields [28]. These fields are imported
to Warp with a scale factor to simulate different field
strengths. Vacuum components are accounted for by us-
ing Warp’s installconductors function. Conducting cylin-
ders are used for the vacuum tubes and 6-way crosses; a
rectangular box is used for the dipole chamber. Particles
coming into contact with conductors are removed from
the simulation and the currents are adjusted after each
FIG. 8. Simulation of dipole scan using Warp. The horizon-
tal axis shows the dipole scale used in Warp, relative to the
scale used for H+2 . The scale difference between simulations is
chosen to match differences in the dipole settings of an actual
scan. The current for each species is calculated at the end of the
beamline for each simulation. The total current of all species in
the simulation is plotted here. The measured current is scaled
by a factor of 0.65 so that the H+2 peaks are the same height,
for easier visual comparison.
6simulation step.
For phase space simulations, a single dipole setting is
used based on the species of interest. At each step are
the maximum and 2-rms, horizontal and vertical, beam
envelopes as shown in FIG. 7. The phase space of every
particle remaining at the end of the simulation is also
saved. These particle distributions are used to compare
measured currents and emittances with simulations. For
simulations of dipole scans, only the final step informa-
tion of each particle species is needed.
The simulations from IBSimu result in a circular beam,
so the xx’ and yy’ phase spaces are identical. The asym-
metries in the cross-section of the final beam arise pri-
marily from the dipole field. These features were not
present when ideal dipole fields from Warp were used.
This is also what leads to the distinct features in the final
phase space plots. All ion species are simulated, but only
selected species are plotted.
The beamline was designed using simulations of pro-
tons and H+2 . Once assembled, measurements of the
beam’s actual composition were taken as described in
Section IV. New simulations are then done based on the
measurements, starting with IBSimu simulations. The
multi-species beam is than simulated in Warp (FIG. 8).
By varying the dipole scale, the current measured in the
second Faraday cup during a actual dipole sweep can be
simulated. This allows us to check the accuracy of our
estimated beam species compositions. The simulation
results here include H+, H+2 , H
+
3 , N
+, O+, H2O+, N+2 ,
and O+2 . Good agreement has been reached with the hy-
drogen species. The higher mass ions are due to vacuum
leaks and out-gassing of contaminants. Disagreement be-
tween simulation and measurement of the higher mass
ions is currently being investigated. Simulations using
measurements from the Faraday cup with the 1 cm slit
will be included in the next revision of this paper.
IV. MEASUREMENTS
Here we present a first set of measurements, using
the diagnostics described in Section II. It should be noted
that these are very preliminary results and will be updated
in the near future! One particular issue that we are
currently investigating, is the presence of higher mass
contaminants around M/Q = 18 (mass number/charge
state). These are discussed in the following subsection.
Performance tests and variations of source parameters
are then shown, followed by a brief discussion. As these
results are currently highly preliminary, we forego the
usual error analysis and present data as-is. The plasma
aperture is exchangeable and during the presented mea-
surements, we used two different aperture size: 3 mm
and 4 mm diameter, hence currents are usually reported
as densities in mA/cm2.
FIG. 9. Mass spectrum with an H2 mass flow of 1.5 sccm. The
most prominent species are indicated in the figure. Fluorine
and Silicone most likely stem from the out-gassing of rubber
O-rings. Water (and the accompanying OH+) can be attributed
to insufficient baking of the source and beamline.
A. Source Contamination
The first systematic tests during commissioning of the
MIST-1 ion source showed a number of contaminants
that persisted through all measurements. As an exam-
ple, FIG. 9 shows a typical mass spectrum with promi-
nent species indicated.
We have not found significant contamination above
M/Q = 40 (a small Ar peak can occasionally be seen)
and restrict our dipole scans to M/Q = 0 to M/Q = 45
typically. The mass-to-charge ratios of the peaks that are
found in the recorded spectra hint at water contamina-
tion (O+, OH+, H2O+), a small air leak (O+, O+2 , N
+,
N+2 , Ar
+), and a third source of contamination, likely
related to either the silicone rubber O-rings or the gas
delivery system (F+, Si+). Measures are currently taken
to remove these sources of contamination.
In the remainder of the paper, we will report species
fractions in the following way (e.g.): H+2 = 40 % (70 %
HSp), to denote the percentage of total extracted beam
and percentage of hydrogen species only (parentheses).
B. Performance Tests
The first results we are reporting here are of the ion
source peak performance so far: The highest extracted
current density, the highest H+2 fraction, and the highest
total extracted H+2 current density (a balance between
H+2 fraction and total extracted current density).
Highest total current. With 5 mA of total beam cur-
rent measured in faraday cup 1, the highest current den-
sity recorded was ≈ 40 mA/cm2 (4 mm diameter aper-
ture). This was with a high discharge voltage of 150 V
and a H2 flow of 1 sccm. Accordingly (see discussion be-
low) the species balance was shifted towards H+3 , with
a H+2 fraction of ≈ 22 % (26 % HSp) and H+3 fraction of
≈ 51 % (60 % HSp).
7FIG. 10. Mass spectrum for MFC = 0.125 sccm and 80 V dis-
charge. The H+2 fraction is 43 % (91 % HSp).
Highest H+2 contribution. With a low H2 gas flow
of 0.125 sccm, Udischarge = 80 V, and Idischarge = 4 A,
the highest fraction of H+2 was recorded as 43 % (91 %
HSp), the total extracted current was only 0.38 mA
(5.4 mA/cm2) , however. The corresponding mass spec-
trum is shown in FIG. 10.
Highest current with high H+2 contribution. The
highest recorded total current while H+2 was the dom-
inant species was 1.1 mA. The H2 flow rate was 0.25
sccm, Idischarge = 5.5 A, Udischarge = 150 V. The H+2 frac-
tion was 43 % (69 % HSp).
C. Systematic Parameter Variations
In these preliminary tests, several parameter variations
were performed and mass spectra were recorded for each
set of parameters.
FIG. 11. Variation of hydrogen flow from the MFC. All contami-
nant species are summed up and amount to ≈ 50% of the total
current (held constant at 0.5 mA throughout the measurement.
Second order polynomial trendlines are added to guide the eye.
FIG. 12. Variation of discharge voltage.
Hydrogen flow. In this study, the total extracted beam
current was held stable at 0.5 mA. The MFC was changed
from 0.5 to 2.5 sccm. The results are plotted in FIG. 11.
Notably, the H+2 contribution rises towards lower pres-
sures. This has consistantly been observed (see also pre-
vious subsection). The contribution from the contami-
nant species is nearly constant at ≈ 50 %. The H+2 frac-
tion is 21 % (39 % HSp) at 0.5 sccm. A later test with
MFC = 0.125 sccm and discharge voltage reduced to
80 V yielded a much higher H+2 fraction of 43 % (91 %
HSp), albeit at the expense of a lower total beam current
(0.38 mA), as discussed in subsection IV B and shown in
FIG. 10.
Discharge voltage. Here we varied the discharge volt-
age from 70 V to 140 V, while keeping the H2 flow rate
constant at 0.5 sccm. The total extracted current in fara-
day cup 1 was 0.9 mA. As can be seen in FIG. 12, the
contribution of the contaminants is reduced, while the
three hydrogen species slightly increase. No clear trend
for the relative changes of hydrogen species with respect
to each other can be seen. We attribute the sudden de-
crease in proton current at 120 V and of H+2 current at
130 V to changes in the plasma. Similar unstable regimes
have been observed in previous ion sources of the same
type [10].
Discharge current. Here we varied the discharge cur-
rent from 3 A to 3.5 A, while keeping the H2 flow rate
constant at 0.25 sccm. While increasing the discharge
current, the total extracted current increased linearly.
This is not surprising, as a higher discharge current usu-
ally indicates higher plasma density. As the discharge
current is increased, the processes in the plasma become
more favorable for proton production than H+2 . As this
is a limited data set and only covers a very small portion
of a large parameter space, this measurement should be
taken with a grain of salt.
8FIG. 13. Variation of discharge current. Linear trendlines were
added to guide the eye.
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FIG. 14. Preliminary emittance scans. Good qualitative and
quantitative agreement was found with WARP simulations.
Compare to FIG. 7, lower right phase space plots.
D. Emittance Measurements
At this point in time, we only performed a prelimi-
nary test of the emittance scanners, which can be seen
in FIG. 14. Good qualitative and quantitative agreement
was found when compared to the IBSimu/WARP simula-
tion of the setup. The measured emittances were 0.56 pi-
mm-mrad and 0.45 pi-mm-mrad for the horizontal and
vertical scan, respectively.
E. Discussion
The preliminary measurements indicate that H+2 be-
comes the dominant species at low H2 mass flow (0.25
sccm and below) and low discharge voltage (80 V and
below). This is in agreement with earlier findings by
Ehlers and Leung [10, 15]. As H+2 has a short mean
free path before it either combines with an H to H+3 or
dissociates, the H2 gas flow must be in balance with dis-
charge voltage, and filament position. In the next mea-
surement period, the filament position will be varied to
find the maximum extracted current with high H+2 frac-
tion. The quality (amittance) of beam extracted from the
ion source is very good, as is typical for filament-driven,
multicusp ion sources. Currently, we only have emit-
tance scans after the beam has gone through the non-
ideal LEBT, but as the agreement with the simulations is
good, we can extrapolate back to the ion source, which
yields 1-rms emittances in the range of 0.1-0.2 pi-mm-
mrad at extraction. The contamination of the beam with
heavier species is a topic of ongoing study. We are cur-
rently in a longer shutdown to remove possible sources
of this contamination.
V. CONCLUSION
We have presented a new filament-driven multicusp
ion source, designed to produce high currents of H+2 in
DC mode for extended periods of time. For the novel
RFQ Direct Injection method that is being proposed for
the IsoDAR experiment, the nominal goal is 15 mA of H+2
delivered by the ion source, with 10 mA the minimum
success condition. Here we reported maximum currents
of 5 mA from a 4 mm aperture. If this is scaled up to an
8 mm aperture and taking into account the species com-
position of the ion source, 4.4 mA of H+2 can currently
be delivered from this source. This is about a factor 2
short of the success condition. However, a large por-
tion of the total beam current are contaminants and we
are confident that these can be eliminated through care-
ful cleaning, baking of the ion source and LEBT, and re-
placement of certain elements prone to out-gassing. This
will further increase the available H+2 beam current. Fur-
thermore, improved cooling will allow higher discharge
currents, also leading to higher beam intensity. Con-
sidering only the hydrogen species, we have seen H+2
fractions above 90%. Furthermore, we developed an
accurate simulation model of the ion source and beam
line, that was compared with mass spectra and emittance
measurements in 6-way cross #2 with good agreement.
Thus, although the LEBT itself has certain shortcomings
(due to the use of borrowed equipment), we understand
the beam dynamics well and can extrapolate the beam
quality directly after the source from the measurements
at the end of the LEBT. The ion source is currently in a
shutdown, while O-rings, filament, and plasma aperture
are being replaced. An update to this manuscript with
new measurements is forthcoming.
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